Until a few years ago knowledge of the superficial structures of the bacterial cell was in a state of confusion, not only in terminology but also in concept (see the review by Lewis, 1941) . In 1930 the author demonstrated simultaneously, by a simple procedure, a differentiated outer layer of the cytoplasm, which he then called "ectoplasm," and a cell wall. In view of the confusing terminology, the author later (Knaysi, 1938) wrote: "Morphologically, the bacterial cell is surrounded by three membranes which may be called: the cytoplasmic membrane, the cell wall, and the slime layer." This statement was confirmed by all subsequent observations (Knaysi, 1941 (Knaysi, , 1944 , and the existence of three membranes was accepted by Mudd et al. (1941, 1944), Lewis (1941) , and Dubos (1945) .
that shrinkage of the cytoplasm leaves the cell wall isolated and makes its demonstration more certain. Consequently, if it were possible to separate the cytoplasmic membrane from the cytoplasm, the evidence for its existence would immediately take the dimensions of proof. This was accomplished by making use of the process of autolysis.
In cultures of Bacillus megatherium and of Bacillus cereus on agar slant media, particularly in the presence of glucose, numerous ghost cells appear like empty cell walls. However, by using the author's method (Knaysi, 1941) , one finds that in different ghost cells autolysis has reached different stages. In some cells, the cytoplasm has disappeared, leaving the cytoplasmic membrane, sometimes intact, still lining the inner surface of the cell wall (figure 2). In more advanced stages of autolysis, fragments of the cytoplasmic membrane may still be seen here and there at the inner surface of the cell wall (figure 3). The cytoplasmic membrane appears dark red, and the cell wall blue. Upon further autolysis, the cell wall takes only a faint purplish color (figure 4). Sometimes the cell wall may be seen surrounded by a bright red layer of variable thickness, the slime layer (figure 5). Investigation of ghost cells accomplishes two purposes: first, it separates the cytoplasm from its membrane, thus isolating the latter; second, it shows that the cytoplasm is much more susceptible to autolysis than the cytoplasmic membrane and, consequently, that the two structures are widely different in chemical composition or physicochemical structure.
Morphology and Properties of the Cytoplasmic membrane
In previous reports (Knaysi, 1938) figure   7 . The cover glass was removed and subjected to the Feulgen procedure (Knaysi, 1942);  hydrolysis 10 minutes at 60 C. Note positive membrane and granules. 1MI = 100 ml of meat infusion; T = 1 g of tryptone; G = 1 g of glucose.
2VFC = 100 ml of vitamin-free casein hydrolzate.
completely decolorized, and that it contains lipoids and proteins at least partly in chemical combination. We have also described the important role the cytoplasmic membrane plays in the division of the bacterial ceU (Knaysi, 1929 (Knaysi, , 1938 (Knaysi, , 1941 (Knaysi, , 1944 ; indeed, it is the most conspicuous structure during that process, and in this respect the bacterial cell is different from the yeast cell (Knaysi, 1941) ; this difference constitutes a criterion by which dividing yeasts can be easily distinguished from large bacteria. We have also reported (1944) the surprising observation that the cytoplasmic membrane gives a positive Feulgen reaction.
During the present investigation we have repeated and confirmed most of the observations given above. Very careful study, in bright field, of bacteria in microcultures revealed that the inner surface of the cytoplasmic membrane is usually not a smooth curve but is jagged or wavy, even in actively growing cells (figures 6, 7, 12) , and that the inner protoplasm of a single cell is not usually a perfectly homogeneous mass but is frequently segmentedby thin, plane films originating from the cytoplasmic membrane and identical with it in physical and chemical properties (figures 6, 12). Some of these films are, potentially, places at which the cell ultimately divides (figures 6, 7). Whether these films are identical with those postulated by Dubos (1945) we are unable to say.
The thicknes8 of the cytoplasmic membrane is variable even in the same cell (see above, also figures 6, 7, 11, 12). It is logical, however, to consider as normal thickness that observed in cells, or substantial portions of cells, where fluctuations are at a minimum. Measurements at various stages in the development, from germ cells to sporangia, of Bacillus cereus, strain C3, gave the range of 0.21 to 0.35 p. In view of the fact that the cytoplasmic membrane completely surrounds the cytoplasm, the total thickness of the membrane amounts to 0.3 to 0.4 of the total thickness of the protoplasm (i.e., exclusive of the cell wall). Under certain conditions the membrane extension across the cell, previous to division, may be abnormally thick (figure 9). After division, part of this material remains at each of the contiguous ends of the sister cells as "polar bodies" or "polar caps" which, on account of their behavior toward dyes, etc., have often been mistaken for nuclei.
The structure of the cytoplasmic membrane is not always homogeneous. At the time of cell divrision one observes the formation of a granule at the place where the centripetal growth of the membrane is to take place and a thinning of the membrane immediately beyond that point. It seems as if the granule is the result of the accumulation of the substance of the membrane. In several members of the genus Bacillus there is a stage of cultural development, normally preceding that of sporulation, in which the membrane of the living cell becomes heterogeneous throughout (figure 11); this heterogeneity is due to the formation of granules which can be discharged into the cytoplasm under aerobic conditions. Chemically, the cytoplasmic membrane gives the Sharp test for protein(figure 8), stains well with the dyes of the Sudan series (figure 13), and gives a positive Feulgen reaction (figure 10); these characteristics survive autolysis of the cytoplasm and treatment with fat solvents; the membrane has an isoelectric range Function of the Cytoplasmic Membrane At the present time two roles are definitely known to be played by the cytoplasmic membrane. The most conspicuous role is in cell division; the other is in penneability (Knaysi, 1944) . Very recently (1945), we observed the formation of lipoprotein granules by the cytoplasmic membrane in a few aerobic sporeformers, and the elimination of these granules into the cytoplasm before sporulation. Having been unable to ascertain the function of these granules, we cannot give this process the proper interpretation.
DISCUSSION AND CONCLUSIONS
The greatest obstacle to a satisfactory demonstration of the cytoplasmic membrane has been the objection that both accumulation of dyes in the surface layer of the cytoplasm and high refringence of that layer may be merely surface phenomena. Admittedly, this objection has been difficult to answer, although one may be convinced, from long and intimate observations of the bacterial cell, that there is more to the cytoplasmic membrane than a mere optical or physicochemical artifact. The author had always considered the possibility that the cytoplasmic membrane, although real, might owe its origin to an accumulation of surface-active material. Recently (1944) , however, he presented evidence indicating that, although this hypothesis may be true from the point of view of evolutionary differentiation, this differentiation has already become established in the bacterial cells with which he is familiar. Indeed, in the cells of many common species investigated, the cytoplasmic membrane is in no way a passive structure which merely accumulates on surfaces. It is a permanent, active, even, so to speak, aggressive structure which initiates, rather than follows, the division of the cell; for if the formation of the cytoplasmic membrane followed the division (by constriction) of the cytoplasm', the newly formed membranes would have curved surfaces, normal to the long axis of the cell. Actually, the centripetal growth of the cytoplasmic membrane which initiates cell division is, at first, in a plane normal or oblique to that axis (figures 6, 12) and curves only as it splits, thus separating the sister cells.
Several years ago (see Knaysi, 1944, p. Claude (1939) of a lipoid which reacts with Schiff's reagent, the interpretation seems to be obvious. It is necessary, however, to discuss the possibility of the following two hypotheses:
The first is indicated by the observation of Dubos and MacLeod (1938) that treatment of the heat-killed, gram-positive cells of pneumococci with a polynucleotidase obtained from animal tissues renders those cells gram-negative. Henry and Stacy (1943) Knaysi, 1943) and to react with Schiff's reagent (Knaysi, 1942) . Consequently, it would be expected to give a positive Feulgen reaction if it is not removed in the process of hydrolysis; and it is conceivable that, granting its presence in the cytoplasmic membrane, it may be in a stable combination which resists acid hydrolysis as carried out in the Feulgen technique. However, one has also to postulate that it exists in the cytoplasmic membrane of the gram-negative bacteria in a form which resists hydrolysis by acid but which is removed in the gram technique, or that it is so bound that its acidic radicals are not totally free.
The second hypothesis that, in strains without differentiated nuclei, the cytoplasmic membrane contains the nuclear material of the cell at first appears attractive in view of the conspicuousness of the membrane in cell division. However, when one considers that the endospore, which contains nuclear material, is formed free in the cytoplasm, without any apparent co-operation from the cytoplasmic membrane of the mother cell, the soundness of such a hypothesis is questioned.
